We show that the rate of association between Terrestrial Gamma-3 ray Flashes (TGFs) observed by the Fermi Gamma-ray Burst Monitor (GBM) 4 P. N. Bhat, M. S. Briggs, V. Chaplin, V. Connaughton, R. D. Preece, and S. Xiong, CSPAR, 320 Sparkman Drive, Huntsville, AL, 35805, USA. (valerie@nasa.gov). and Very-Low Frequency (VLF) discharges detected by the World Wide Light-5 ning Location Network (WWLLN) depends strongly on the duration of the 6 TGF, with the shortest TGFs having associated WWLLN events over 50% 7 of the time, and the longest TGFs showing a less than 10% match rate. This 8 correlation is stronger if one excludes the WWLLN discharges that are not 9 simultaneous (within 200 µs) with the TGF. We infer that the simultaneous 10 VLF discharges are from the relativistic electron avalanches that are respon-11 sible for the flash of gamma rays and the non-simultaneous VLF discharges 12 are from related Intra-Cloud lightning strokes. The distributions of far-field 13 radiated VLF stroke energy measured by WWLLN for the simultaneous and 14 non-simultaneous discharges support the hypothesis of two discrete popu-15 lations of VLF signals associated with TGFs, with the simultaneous discharges 16 among the strongest measured by WWLLN.
then be found on the ground in an offline search, rather than having to trigger on-board 48 in a 16 ms window wherein only the brightest TGFs are visible above threshold [Briggs 49 et al., 2012] . We explore here the correlation between WWLLN-measured discharges and 50 matches to the 154 TGFs with simultaneous WWLLN discharges. These T 50 distributions 147 are displayed in Figure 2 (top panel) , which also illustrates that the rate of association 148 between TGFs and WWLLN discharges increases steadily with decreasing TGF duration 149 (lower panel). A Spearman's rank-order correlation of −0.97 is found for the WWLLN 150 match-rate fraction as a function of T 50 , corresponding to a probability of 2 × 10 −5 that 151 this correlation occurred by chance. This relation is even tighter if we exclude the 32 152 TGFs for which the WWLLN discharge is not simultaneous with the TGF, indicating 153 a near-perfect anti-correlation between the durations of TGFs and the detection rate of 154 associated simultaneous discharges by WWLLN. 
Discussion
We have established that the TGFs detected using GBM show an approximately 30% 156 rate of associations with discharges measured by WWLLN, down to the weakest TGFs gamma rays at the source. At spacecraft altitudes the duration of the TGF may be in-191 creased due to Compton scattering in the atmosphere [Østgaard et al., 2008; Grefenstette 192 et al., 2008; Gjesteland et al., 2010] . However, the higher energy photons (> 1 MeV) will 193 most closely match the original duration of the TGF at the source, since these photons 194 will have undergone the least Compton scattering. 
where e is the charge of the electron; α is the ionization per unit length per runaway
where all the symbols have their usual meaning [Uman, 2001] . Inserting Eq. 1 into Eq. 2 216 and taking the Fourier transform gives
where ω is the angular frequency. The spectral energy density (energy radiated per unit [2012a] describe the procedure and reliability of measuring energies associated with WWLLN discharges. We include here 164 WWLLN discharges associated with TGFs for which energy measurements are available, and which have uncertainties lower than 70% of their value. The subset of non-simultaneous associations, which are farther than ±200 µs from the TGF peak, is shown in blue, the simultaneous associations in salmon. The non-simultaneous discharges have a significantly lower median energy (700 J) than the simultaneous discharges (3.1 kJ).
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